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INVESTIGATIONS UNDERTAKEN

The focus of this Sudy is to invedtigate the ground failure mechanisms (i.e, tectonic
subsdence, tsunami-induced drawdown and inundation, liquefaction, latera spreading) that
interacted within the Karamursd, Golcuk, and Lake Sapanca pull-apart basins, and caused
severe damage during the 1999 Kocadi earthquake in Turkey. The three goas of the study are:



(1) to determine the geometry of coastd failures within the pull-gpart basins, (2) to determine the
falure mechanisms and interaction of earthquake effects, and (3) to corrdate geologic and
geotechnicd conditions with the mechanisms of failure.

This study isdivided into four mgor tasks:

1. Caollection of geologic and geotechnica data from the pull-apart basins

2. Sdection of representative dtes located in the pull-gpart basins for detalled ste

investigation and analyses

3. FHeddinvedtigation at the selected Stes and laboratory testing of collected soil samples

4. Interpretation of data, and geotechnical and geologic anadyses
Tasks 1 through 3 are planned for year 1 of this study and task 4 has been funded for year 2, asa
continuation of this project. Asof October 2001, representative test Stes have been selected and
the fidld dte investigation is complete. Laboratory testing has been initiated and geotechnica
and geologic anadyses are planned for 2002.

RESULTS

Data Collection and Selection of Research Sites

Research stes from the Karamursd, Golcuk, and Lake Sgpanca pull-apart basins were
chosen after areview of previous observations and studies from the region. A table of pertinent
information was developed to help choose the sudy Stes. This table included information
avalable for candidate dtes, such as geologic conditions, ground subsidence, evidence of
liquefaction, tsunami drawdown and inundation, ground motions, bathymetry, topography, and
information from previous subsoil exploration (before and after the earthquake). Figure 1
contains amap of the Karamursd and Golcuk pull-gpart basins, Stuated aong the south shore of
Izmit Bay. Figure 1 aso shows a schematic of the Lake Sgpanca pull-gpart basin, which is
located about 15 km east of Izmit Bay. Figure 1 includes data collected regarding geology,
faulting, pull-apart basin geometry, locations of ground failure and subsidence, and locations of
pertinent Site data (e.g., borehole information, tsunami observations).

A dgnificant observaion from the collection of Ste information is the concentration of
ground failure in recent delta fan deposits along the shores of 1zmit Bay and Lake Sgpanca. The
delta deposits within the Golcuk pull-gpart basin are indicated in Figure 1. Figure 1 shows that
amogt every ddlta deposit experienced liquefaction and/or subsidence. In fact, dong the shores
of 1zmit Bay and Lake Sgpanca, ground failure was observed a the mouth of dmost every creek.
These creeks are actively depositing loose delta sediments that are particularly susceptible to
ground failure.

Based on the information collected, three research sites, namely Degirmendere, Seymen, and
Esme, were selected for further Ste investigation and andyses.
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Figure 2. Relakenships berween cometal Failure locations, Delia fans, amd offshorme faoling.

Figure 1. Map of south shore of 1zmit Bay and L ake Sapanca
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Site | nvestigation

A dgte exploration and testing program was developed during Summer 2001. The fidd
exploration was carried out in August 2001. Laboratory testing is currently underway. Details
regarding the observed ground failure and the Site exploration program at the three research Sites
are described below.

Degirmendere

A mgor coasta landdide occurred in a ddtafan deposit in the city of Degirmendere, which
is located on the southern coast of 1zmit Bay and within the Karamursdl pull-gpart basin (Figure
1). A map of the landdide is shown in Figure 2. The area of the dide extended approximately
300 m dong the coast and 75 m inland. A dgnificant amount of land was submerged after the
failure, cregting a completely new coadtline. Cracking extended inland, beyond the extent of the
submerged area, but no evidence of liquefaction was observed.

Cifishone taut ruplure (Gl full
‘4 segment) estimated % be 200 0

300t afsfang of naw shor kne s

N

Y A= « Approdmata. ¥ . ' ;
: 100 mRIRE 20 o e Tkl fyr-shware dsplacemeni
Sealm Pt oolapsed - aoross primary lakeral sproad zona
N - damaged g £ = 05 m kgl
y " hukdngs. g8 -8

b— = ey Pk
P —— i ¥
A o R U ; P Sattlod e
N Pl 30 T L IR O D
L N e m%# ) u,__y___,,_r_ ok A nuldings

y : Elu_lldlnu
[ v _ Toneol F==0g blkaol
; [rl ] — 7 e g Sl N =
| . LR Il e BSnGp crache 59 [

T8 = Teotement

ol T S
| -' ST i !
) - Laliiles
/ e | G Bl asorsl sprv o
s . =
I = ; [
Lg T -
L 4 Cftahom nebsidencs 7aas (baasd on g aed
B DEQ"”""‘E”dE re : P BT WS DS R Y
- w
Hiow shorslre acaip
= L
Dot |_ a2
5 Valneu eaigin. of prrusnry ksl dpenyif s
2 el
Diya | Hokocana actien sl chamnal and leadlain
sFazzen +
[ORAT]  Hokmoens debs b socmess
g Cdarinasy Habaoone-Latw PlasmoandT) dota
T deposls
~ Onck
AZem  Crack width e
Mole: iitthy 1 no éjected sard 'waa
: ! & Lexiabars ol e mbvirlocs oaphemeion
chserved on ateml spread zone ¢ S !
Guanrsi bacatar, ol PERAHUCHHIY DPT asa
> APT svoawion 5
I ; o paar-1
= =l 5 = i g R & Fporrea i ipowion of pear. ] crows-secion
Figure 4, Preliminary geclogic map of coastal slope filure al Tegimmendiens | BT R ST MU o
—A
07 PEE- ) Ty Sagrmonion
2]

Figure 2. Coastal landdlide and subsidence at Degirmendere




Boring logs from a gte investigation performed close to the dide area after the earthquake
were obtained from the city of Degirmendere, as well as results from bathymetric udies
sponsored by the city after the earthquake. Further post-earthquiake subsoil investigations were
performed by Youd and Cetin (2000). These investigations were performed 20 to 60 m inland
from the post-earthquake coastline and were located within arelatively older geologic unit than
the dide. The maximum depth of the previous subsoil investigation was 20 m.

Because of the location and limited depth of previous borings, three additiona borings were
conducted as part of this study. Three rotary wash borings were performed and casing was used
because of the ground conditions. The depth of the borings was gpproximately 30 m and about
20 gtandard penetration tests were performed in each borehole using a safety hammer. When
gopropriate, undisturbed samples were taken using Shelby tubes. Two of the borings were
located about 0.5 m away from the post-earthquake shoreline, and about 60 m away from each
other. These borings were located on each side of the creek that runs through the dide area and
has deposited the delta sediments. The third boring was drilled about 25 m inland from the new
shoreline and on the east Side of the creek.

Seymen
Seymen is a smdl town located on the southern coast of Izmit Bay, within the Golcuk

pull-gpart basin, and about 10 km east of Degirmendere (Figure 1). A Holocene ddtafan formed
by a smdl creek has prograded into 1zmit Bay at this location, and experienced ground failure,
subsidence, and inundation during the earthquake. The area inundated included the MKE Scrap
Yard area, which is reatively unpopulated. The creek thet is respongble for the formation of the
delta passes through the scrap yard. A concrete perimeter wall encircling the scrap yard was
cracked and displaced by ground fallure. Measurement of the cracks and cumulative
displacement of this wal permit accurate determination of the extent and magnitude of ground
movement in the Holocene delta depogits. During field testing, the location and magnitude of
the wall cracks, and remaining ground cracks were recorded. These data were not previoudy
collected, and represent sgnificant new data for evauation of ground falure. The ground
cracking and lateral deformation extended approximately 200 m inland, and amgor crack, about
1.5 m deep and 30 cm wide, was observed gpproximately 90 m from the shore. Wall cracks and
displacement suggest that cumulative extensond movement was on the order of 1.5t0 1.6 m.

No previous borings have been performed at this Ste. For this study, two borings of 30 m
depth and one boring of 5 m depth were performed. All of these borings were located west of
both the MKE Scrap Y ard and the creek, because it was not possible to drill east of the creek due
to the presence of a Turkish Navy base. The same drilling and sampling procedures used at
Degirmendere were used at the Seymen site. One borehole (30 m deep) was drilled immediately
adjacent to the MKE Scrap Yard, about 100 minland. This borehole was drilled inland because
the soft sediments closer to the shore could not support the drill rig. The remaining two
boreholes were drilled further west, directly adjacent to the shoreline. A photograph of this area
after the earthquake, illudtrating sgnificant ground cracking within a tea garden, is shown in
Figure 3. A very soft clay layer was detected in the top 5 m of the first borehole drilled next to
the shoreline. Consequently, another borehole (5 m deep) was drilled adjacent to that borehole
and fied vane shear tests were performed to measure the peak and residua undrained shear
srength of the sail.

Additiondly, the water depth immediately offshore was measured using an ultrasonic device.



Water depth measurements were taken adong severa transects perpendicular to the shordline, and
the location of the measurements were recorded using GPS coordinates. Measurements were
taken for a distance of gpproximately 250 m from the shordline. The shoreline was a so mapped
using GPS coordinates.

Figure3. Ground failureat tea garden near MKE Scrap Yard in Seymen

Esne

Esme isatown located on the north shore of Lake Sgpanca (Figure 1), Stuated on dluvium
deposited from the hills north of the lake. A large dide occurred dong the coast in Esme, within
delta sediments deposited by a creek. The area of the dide extended approximately 50 m aong
the coast and 35 m inland. The inland extension of ground cracks was about 150 m. Based on
observations after the earthquake (EERI 2000), ground cracks showed pure extensiona
movement with no rotational component (Figure 4) and no evidence of liquefaction was
observed. No subsoil information was available for this area

Because of limited time, only a single borehole was drilled a this Ste. The borehole was
drilled adjacent to the post-earthquake coastline, in the mouth of the source creek of the delta,
which was dry a the time. Standard penetration tests and soil sampling were performed as
described previoudy. Although the intention was to drill to 30 m depth, drilling was stopped at
gpproximately 28 m depth due to high artesan pressure. It was judged to be unsafe to continue
drilling because water from the boring was gecting gravel-sized particles 3 to 4 m above the
ground surface. This phenomenon occurred for approximately 15 minutes. It is interesting to
note that resdents informed usthat “esme’ means “do not dig” in Turkish, which may indicate



that artesian pressures have been observed previoudy in Esme.

In addition to soil exploration, water depths were so measured offshore. Measurements

were taken adong different transects perpendicular to the podt-earthquake shordine, for a
distance of approximately 200 m.
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Figure 4. Mapped ground cracking at tea garden in Esme

Continuing Studies

Using the collected borehole data and water depth measurements, cross-sections are being
developed for each gte. An initid observation from the borehole deta is that the subsoil at the
gtesisvery heterogeneous, both lateraly and verticaly. The heterogeneity is mogt likely dueto
the depositional processes that occur in deltas. At Degirmendere, the near-shore borehole data
indicate the mixture of adluvid and maine deposts over very short intervas of depth. For
ingtance, it was common to encounter distinct layers of clean sand, clayey gravel, clay, and sty
gravel in asingle solit spoon sample.

Presently, laboratory testing (eg., Seve andyss, Atterberg limits) of disturbed samples is
underway. Further Site investigation using the cone penetration test (CPT) is being considered



because the CPT will be able to better identify the vertica layering within the delta fan deposits.
The results from the drilling investigetion, laboratory testing, and CPT testing will be used to
perform detalled analyses (e.g., liquefaction andyss, dope Sability analyss) for each ste. The
andyses will focus on identifying the mechanisms of ground falure a each Ste.

NON-TECHNICAL SUMMARY

Earthquake-induced ground failure and subsidence can cause considerable damage to coastal
infragtructure.  During the 1999 Kocaeli earthquake in Turkey, sgnificant ground failure and
damage were observed in coastd areas, and were particularly concentrated in step overs of the
fault rupture. This study will focus on investigating the olbserved ground fallure in Turkey. The
investigations will correlate ground failure with the geologic and geotechnica conditions a the
gte and will evauate the dominant mechaniams of ground fallure. The results from this study
can be applied to many stes in Cdifornia, where criticd facilities have been congructed in
coadtal areas near fault step overs.

REPORTSPUBLISHED

None at thistime.

DATA AVAILABILITY

None at thistime.
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